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Introduction {#jah32034-sec-0004}
============

The role of insulin resistance, as measured by fasting insulin or the homeostasis model assessment of insulin resistance (HOMA‐IR), in the occurrence of cardiovascular disease (CVD), mainly coronary heart disease (CHD) and stroke, has been studied in nonblack populations.[1](#jah32034-bib-0001){ref-type="ref"}, [2](#jah32034-bib-0002){ref-type="ref"}, [3](#jah32034-bib-0003){ref-type="ref"}, [4](#jah32034-bib-0004){ref-type="ref"}, [5](#jah32034-bib-0005){ref-type="ref"} In a meta‐analysis including 65 studies with 516 325 participants and 13 474 cases of CVD, HOMA‐IR was associated with incident CHD, stroke, and CVD (composite of stroke, heart failure, angina pectoris, myocardial infarction, and sudden cardiac death).[6](#jah32034-bib-0006){ref-type="ref"} However, no race‐stratified analyses were done. Few studies have examined the impact of IR on CVD in blacks and the limited data suggest the association may vary by race/ethnicity, particularly for stroke. In the Atherosclerosis Risk in Communities (ARIC) study, fasting insulin was associated with incident stroke in whites but not in blacks (*P* ~interaction~=0.036).[7](#jah32034-bib-0007){ref-type="ref"} In the Reasons for Geographic And Racial Differences in Stroke (REGARDS) study, HOMA‐IR was associated with stroke risk in whites, but not in blacks.[8](#jah32034-bib-0008){ref-type="ref"} However, the authors did not find a significant race interaction. Similarly, no effect modification by race was observed in the association between HOMA‐IR and incident ischemic stroke in the Northern Manhattan Study (NOMAS).[9](#jah32034-bib-0009){ref-type="ref"} All previous studies including blacks have used either fasting insulin or HOMA‐IR as surrogate markers of IR.

The McAuley index of insulin sensitivity, based on weighted combinations of fasting insulin and fasting triglycerides,[10](#jah32034-bib-0010){ref-type="ref"} may perform better than HOMA‐IR and fasting insulin in predicting CVD risk in blacks. In particular, in blacks, triglyceride levels below the current metabolic syndrome threshold (110--149 mg/dL) are associated with IR estimated by the "gold standard" hyperinsulinemic euglycemic clamp,[11](#jah32034-bib-0011){ref-type="ref"} leading us to hypothesize that this index, which incorporates fasting triglycerides, may be a better marker of IR in this population, and in predicting CVD risk. In fact, the McAuley index performed better than other surrogate measures (including fasting insulin, HOMA‐IR, insulin‐to‐glucose ratio, and the Bennett index) in predicting IR (defined as a euglycemic clamp insulin sensitivity index ≤6.3 M·mU^−1^·L^−1^) in 178 adults from New Zealand without diabetes mellitus, with a specificity of 0.91 and a sensitivity of 0.75.[10](#jah32034-bib-0010){ref-type="ref"}

The aim for the present study was 2‐fold: (1) to examine the associations between IR and incident CHD and/or stroke in blacks; and (2) to compare HOMA‐IR and the McAuley index in their associations with CHD and stroke. We used data from the Jackson Heart Study (JHS), a large prospective cohort of middle‐aged blacks.

Methods {#jah32034-sec-0005}
=======

Study Sample {#jah32034-sec-0006}
------------

The JHS enrolled 5306 participants aged 21 to 94 years at the time of the baseline assessment (2000--2004) from the Jackson, Mississippi metropolitan area (Hinds, Madison, and Rankin counties). Participants were recruited from 4 different sources: (1) previous participants in the ARIC study (30% of JHS cohort); (2) family members of participants (28%); (3) random selection from the 3 counties (17%); and (4) community volunteers (25%). The goal of the study was to examine factors that influence the development of CVD in black men and women to learn how to prevent this group of diseases in this population. Two subsequent in‐person follow‐up visits have been completed since baseline (2005--2008 and 2009--2013). Details on the study have been published elsewhere.[12](#jah32034-bib-0012){ref-type="ref"}, [13](#jah32034-bib-0013){ref-type="ref"}

At baseline, we excluded participants with prevalent CHD or stroke (n=597), those with missing data to estimate HOMA‐IR and the McAuley index (insulin, glucose, and triglycerides, n=403), and those with type 2 diabetes mellitus (n=736), as surrogate markers for IR perform poorly in those with type 2 diabetes mellitus.[14](#jah32034-bib-0014){ref-type="ref"}, [15](#jah32034-bib-0015){ref-type="ref"} Our final sample was 3565 participants. The University of Mississippi Medical Center institutional review board approved the Jackson Heart Study, and all participants gave written informed consent.

Collection of Study Data {#jah32034-sec-0007}
------------------------

JHS participants provided information on demographic, socioeconomic, and lifestyle variables, as well as medication use. Clinic interviews were conducted by certified technicians and nurses. Weight was measured to the nearest 0.1 kg and height to the nearest 1 cm. Body mass index (BMI) was calculated as weight divided by the square of the height. Waist circumference was measured to the nearest 1 cm as the average of 2 readings at the umbilicus with the patient upright. Two resting systolic and diastolic blood pressures were measured at 5‐minute intervals and the average was used for the current analysis. Hypertension was defined as blood pressure ≥140/90 mm Hg or use of blood pressure--lowering medication. Current smoking was defined as self‐reported cigarette smoking over the past 12 months. Current alcohol drinking was defined as alcohol drinking in the past year. Physical activity was defined according to the American Heart Association categorization as poor health (0 minute of moderate and vigorous activity), intermediate health (\>0 minute but \<150 minutes of moderate activity, \>0 minute but \<75 minutes of vigorous activity, or \>0 minute but \<150 minutes of combined moderate and vigorous activity), and ideal health (≥150 minutes of moderate activity, ≥75 minutes of vigorous activity, or ≥150 minutes of combined moderate and vigorous activity).[16](#jah32034-bib-0016){ref-type="ref"} Education level was characterized as having at least a college education or not.

Blood samples were collected using standard procedures and analyzed at a central laboratory (University of Minnesota).[12](#jah32034-bib-0012){ref-type="ref"}, [13](#jah32034-bib-0013){ref-type="ref"} Fasting glucose, insulin, and lipids were measured on a Vitros 950 or 250, Ortho‐Clinical Diagnostics analyzer (Raritan, NJ) in accordance with the College of American Pathologists Proficiency Testing Program.[17](#jah32034-bib-0017){ref-type="ref"} A high‐performance liquid chromatography system (Tosoh Corporation, Tokyo, Japan) was used to measure glycosylated hemoglobin A1c concentrations. Type 2 diabetes mellitus status was defined according to the 2010 American Diabetes Association guidelines[18](#jah32034-bib-0018){ref-type="ref"}: (1) physician diagnosis of the condition, (2) use of diabetes mellitus medication, (3) fasting blood glucose ≥126 mg/dL, and/or (4) glycosylated hemoglobin ≥6.5%.

Measurement of Insulin Resistance {#jah32034-sec-0008}
---------------------------------

Insulin resistance was assessed using 2 indices as follows: HOMA‐IR=\[glucose (nmol/L)×insulin (μU/mL)/22.5\],[19](#jah32034-bib-0019){ref-type="ref"} and the McAuley index=exp \[2.63--0.28 ln(insulin in mU/L)−0.31 ln(triglycerides in mmol/L)\].[10](#jah32034-bib-0010){ref-type="ref"} A lower McAuley index and higher HOMA‐IR are indicative of IR.

Ascertainment of CHD and Stroke {#jah32034-sec-0009}
-------------------------------

All CHD and stroke events were ascertained and adjudicated from baseline to December 31, 2012. Events were identified by passive community surveillance by contacting participants annually, and also by querying all hospitalizations and death records in the prior year. Disease‐specific classifications of hospitalized and fatal CHD and stroke were completed by review and adjudicated by 2 independent physician reviewers.[20](#jah32034-bib-0020){ref-type="ref"} Any disagreements by the first 2 reviewers were adjudicated by a third physician reviewer. The method of ascertainment of events for the JHS followed the protocol developed by the ARIC study investigators.[21](#jah32034-bib-0021){ref-type="ref"}, [22](#jah32034-bib-0022){ref-type="ref"}

A CHD event was defined as a probable or definite myocardial infarction (combinations of chest pain, cardiac enzyme levels, and ECG changes), fatal CHD (cause of death from death certificate, chest pain symptoms), and/or a cardiac procedure (angiography or any revascularization procedure). A stroke event was defined as a definite or probable stroke (sudden or rapid onset of neurologic symptoms lasting for 24 hours or more, or leading to death) on neuroimaging studies or autopsy.

Follow‐up time for incident CHD and stroke events was defined as the time from their baseline examination (visit 1) until the incident event. The end of follow‐up for those who remained free of CHD and stroke was as follows: (1) December 31, 2012, (2) date of last contact for those lost to follow‐up (n=283), or (3) date of death (n=256), whichever occurred first.

Statistical Analysis {#jah32034-sec-0010}
--------------------

HOMA‐IR was log‐transformed for all analyses. Unadjusted differences in baseline characteristics were assessed across tertiles of logHOMA‐IR and the McAuley index, using a 1‐way ANOVA (for continuous variables) and χ^2^ test (for categorical variables). Pearson correlation coefficients were estimated between the IR measures (logHOMA‐IR and McAuley index) and covariates (age, blood pressure, high‐density lipoprotein \[HDL\] cholesterol, low‐density lipoprotein--cholesterol, BMI, waist circumference, aldosterone, adiponectin, and high‐sensitivity C‐reactive protein).

Cox regression was used to estimate hazard ratios (HR) and 95% CI for incident events. HRs were estimated per unit SD increase in logHOMA‐IR and McAuley index. The primary outcome was a composite of CHD and stroke. Both events were also analyzed individually in separate regression models. Covariates were adjusted in sequential models: model 1 was adjusted for age, sex, education, physical activity, and smoking status; model 2: model 1 plus BMI; model 3: model 2 plus HDL, systolic blood pressure, and hypertension status. The proportional hazard assumption was assessed by using log (−log survival) plots for categorical variables and testing time‐dependent covariates for continuous variables. Effect modification by sex was assessed by fitting regression models with logHOMA‐IR×sex and McAuley index×sex interaction terms. For logHOMA‐IR, interaction tests for the composite outcome and CHD models were significant, and thus our analyses are stratified by sex. The association between IR and ischemic stroke appears to differ from that with intracerebral hemorrhage,[8](#jah32034-bib-0008){ref-type="ref"} so we performed a sensitivity analysis including only cases of ischemic stroke. All analyses were performed using SAS 9.3 (SAS Institute Inc, Cary, NC). Statistical significance was inferred at 2‐sided *P*\<0.05.

Results {#jah32034-sec-0011}
=======

Baseline Characteristics of Participants {#jah32034-sec-0012}
----------------------------------------

Of the 3565 participants included in our analyses (mean age of 53 years), 1292 (36.2%) were male, 921 (25.8%) were hypertensive, 445 (12.5%) were current smokers, and 2153 (60.4%) had at least some college education. Table [1](#jah32034-tbl-0001){ref-type="table-wrap"} displays the baseline characteristics of participants by tertiles of HOMA‐IR and the McAuley index. The most insulin‐resistant participants were those in the third tertile of HOMA‐IR and first tertile of the McAuley index. These participants were more obese, had larger waist circumference, higher low‐density lipoprotein--cholesterol, lower HDL‐cholesterol, higher mean glycosylated hemoglobin, greater levels of systemic inflammation (measured by high‐sensitivity C‐reactive protein), and a higher prevalence of hypertension.

###### 

Baseline Demographic and Clinical Characteristics of Study Participants by Tertiles of HOMA‐IR and the McAuley Index

                                                              Tertiles of HOMA‐IR   Tertiles of McAuley Index                                                                                  
  ----------------------------------------------------------- --------------------- --------------------------- ---------------------------------------------------- ------------ ------------ ----------------------------------------------------
  Age, y                                                      53.3±13.2             54.1±13.1                   54.2±12.0[§](#jah32034-note-0004){ref-type="fn"}     54.7±11.9    54.8±12.8    52.1±13.4
  Women, n (%)                                                826 (59.5)            920 (66.4)                  925 (66.7)                                           868 (62.6)   923 (66.6)   880 (63.4)[§](#jah32034-note-0004){ref-type="fn"}
  Systolic BP, mm Hg                                          123.7±18.4            126.1±17.8                  128.0±17.7                                           128.3±17.4   126.7±18.0   122.9±18.3
  Diastolic BP, mm Hg                                         78.6±10.5             79.2±10.1                   80.1±10.4[‡](#jah32034-note-0004){ref-type="fn"}     80.4±10.3    79.2±10.3    78.3±10.3
  BMI, kg/m^2^                                                27.9±5.8              31.7±6.5                    35.2±7.4                                             34.2±6.9     31.9±7.2     28.7±6.6
  Waist circumference, cm                                     90.4±12.5             100.0±13.9                  109.1±15.9                                           107.4±15.3   100.6±15.0   91.5±13.8
  LDL‐cholesterol, mg/dL                                      123.7±35.5            129.5±35.0                  128.8±38.3                                           131.9±39.9   130.7±35.0   119.5±32.7
  HDL‐cholesterol, mg/dL                                      56.7±16.0             51.6±13.3                   47.7±12.9                                            45.9±12.3    52.2±13.3    58.0±15.3
  HbA1c, %                                                    5.4±0.5               5.6±0.7                     6.3±1.4                                              6.1±1.2      5.8±1.0      5.5±0.7
  At least college education, n (%)                           851 (61.6)            820 (59.5)                  785 (56.8)[‡](#jah32034-note-0004){ref-type="fn"}    807 (58.4)   780 (56.4)   869 (63.0)[†](#jah32034-note-0004){ref-type="fn"}
  Hypertension status, n (%)                                  342 (24.7)            339 (24.9)                  422 (30.4)[\*](#jah32034-note-0004){ref-type="fn"}   425 (30.7)   358 (25.9)   320 (23.1)
  Incident composite events, n (%)                            61 (4.4)              76 (5.5)                    83 (5.9)[§](#jah32034-note-0004){ref-type="fn"}      87 (6.3)     72 (5.2)     61 (4.4)[§](#jah32034-note-0004){ref-type="fn"}
  Aldosterone[∥](#jah32034-note-0005){ref-type="fn"}, ng/dL   3.7 (3.8)             4.2 (4.1)                   5.4 (5.5)                                            5.2 (5.5)    4.3 (4.2)    3.6 (3.8)
  Adiponectin[∥](#jah32034-note-0005){ref-type="fn"}, μg/mL   5.7 (5.1)             4.4 (3.8)                   3.1 (2.7)                                            3.1 (2.7)    4.1 (3.5)    5.8 (5.3)
  Hs‐CRP[∥](#jah32034-note-0005){ref-type="fn"}, mg/L         1.6 (3.2)             2.6 (4.5)                   3.7 (5.5)                                            3.4 (5.2)    2.83 (5.9)   1.6 (3.3)
  eGFR, mL/min                                                88.4±16.2             86.7±16.4                   86.7±18.1[‡](#jah32034-note-0004){ref-type="fn"}     86.0±17.7    86.3±16.8    89.5±16.1
  Cigarette smoking, n (%)                                    208 (15.1)            158 (11.5)                  135 (9.8)                                            176 (12.8)   142 (10.3)   183 (13.3)[‡](#jah32034-note-0004){ref-type="fn"}
  Alcohol consumption, n (%)                                  725 (52.6)            677 (49.1)                  594 (43.0)                                           632 (45.8)   659 (47.7)   705 (51.2)[‡](#jah32034-note-0004){ref-type="fn"}
  Physical activity, n (%)                                                                                                                                                                     
  AHA I                                                       593 (42.8)            625 (45.2)                  724 (52.2)                                           695 (50.1)   659 (47.6)   588 (42.4)[\*](#jah32034-note-0004){ref-type="fn"}
  AHA II                                                      452 (32.6)            469 (33.9)                  446 (32.2)                                           446 (32.2)   438 (31.6)   483 (34.9)
  AHA III                                                     341 (24.6)            288 (20.8)                  217 (15.6)                                           245 (17.7)   287 (20.7)   314 (22.7)
  Diabetes mellitus status, n (%)                             41 (3.0)              123 (8.9)                   430 (31.0)                                           335 (24.2)   180 (13.0)   79 (5.7)

Data are presented as mean±SD or numbers (percentage). AHA indicates American Heart Association; BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HbA1c, glycosylated hemoglobin; HDL, high‐density lipoprotein; HOMA‐IR, homeostasis model assessment of insulin resistance; Hs‐CRP, high‐sensitivity C‐reactive protein; LDL, low‐density lipoprotein.

All *P*\<0.0001, except for \**P*\<0.001, ^†^ *P*\<0.01, ^†^ *P*\<0.05, and ^§^not significant.

^∥^Data are median (interquartile range).

Correlation Analysis Between IR Measures and Covariates {#jah32034-sec-0013}
-------------------------------------------------------

There was a strong correlation between HOMA‐IR and the McAuley index (Pearson *r*=−0.80). Compared to HOMA‐IR, the McAuley index was more strongly correlated with age (*r*=−0.09 versus 0.01), systolic blood pressure (*r*=0.12 versus 0.07), and kidney function (*r* for estimated glomerular filtration rate=0.12 versus −0.06) (Table [2](#jah32034-tbl-0002){ref-type="table-wrap"}). On the other hand, HOMA‐IR was better correlated with clinical measures of obesity: BMI (*r*=0.43 versus −0.32) and waist circumference (*r*=0.47 versus −0.41). The strengths of the correlations of both HOMA‐IR and the McAuley index with log(aldosterone), log(adiponectin), and log(high‐sensitivity C‐reactive protein) were comparable.

###### 

Pearson Correlation Coefficients Between Insulin Resistance Indices and Covariates

                             Log HOMA‐IR   McAuley Index           
  -------------------------- ------------- --------------- ------- ----------
  Age                        0.01          0.55            −0.09   \<0.0001
  Systolic blood pressure    0.07          \<0.0001        −0.12   \<0.0001
  Diastolic blood pressure   0.05          0.002           −0.08   \<0.0001
  Body mass index            0.43          \<0.0001        −0.32   \<0.0001
  Waist circumference        0.47          \<0.0001        −0.41   \<0.0001
  LDL‐cholesterol            0.07          \<0.0001        −0.17   \<0.0001
  HDL‐cholesterol            −0.25         \<0.0001        0.36    \<0.0001
  Total cholesterol          0.06          0.001           −0.21   \<0.0001
  HbA1c                      0.27          \<0.0001        −0.25   \<0.0001
  Log aldosterone            0.22          \<0.0001        −0.22   \<0.0001
  Log adiponectin            −0.35         \<0.0001        0.38    \<0.0001
  Log HsCRP                  0.27          \<0.0001        −0.27   \<0.0001
  eGFR                       −0.06         \<0.001         0.12    \<0.0001

eGFR indicates estimated glomerular filtration rate; HbA1c, glycosylated hemoglobin; HDL, high‐density lipoprotein; HsCRP, high‐sensitivity C‐reactive protein; HOMA‐IR, homeostasis model assessment of insulin resistance; LDL, low‐density lipoprotein.

Incident Cardiovascular Events {#jah32034-sec-0014}
------------------------------

There were 158 incident events (89 CHD‐only, 58 stroke‐only, and 11 CHD/stroke) over a median follow‐up of 8.4 years (range 0--11.2 years). Overall, the crude rate of the composite outcome was 5.4 events per 1000 person‐years. Rates for the composite outcome (CHD+stroke), for CHD and for stroke varied across tertiles of HOMA‐IR and the McAuley index (Figure [1](#jah32034-fig-0001){ref-type="fig"}). For the McAuley index, there was a distinct pattern of decreasing rates from the first to the third tertile for the composite outcome and CHD, but not for stroke. In comparison, there was no evident linear pattern for HOMA‐IR. Participants in the second tertile of HOMA‐IR had the highest rates for all events (composite, CHD, and stroke). Overall, the cumulative incidence of CHD was slightly higher than the cumulative incidence of stroke in the sample. However, there were no sex differences in cumulative incidence for the composite outcome, CHD, or stroke (Figure [2](#jah32034-fig-0002){ref-type="fig"}).

![Rates of incident coronary heart disease and stroke. A, By tertiles of HOMA‐IR. B, By tertiles of the McAuley index. Numbers on the bars represent the actual rates of events (per 1000 person‐years). CHD indicates coronary heart disease; HOMA‐IR, homeostasis model assessment for insulin resistance; MA ~index~, McAuley index.](JAH3-6-e004229-g001){#jah32034-fig-0001}

![Cumulative incidence functions for men and women. A, For the incident composite outcome of CHD and stroke. B, For incident stroke. C, For incident coronary heart disease. The solid line represents the cumulative incidence function curve for women, and the dashed line represents that for men. CHD indicates coronary heart disease.](JAH3-6-e004229-g002){#jah32034-fig-0002}

Association Between the HOMA‐IR, McAuley Indices, and Incident Events {#jah32034-sec-0015}
---------------------------------------------------------------------

There was a significant effect modification by sex for the HOMA‐IR index (*P* ~interaction~=0.01 and 0.02 for the composite outcome and CHD, respectively), but not for the McAuley index (*P* ~interaction~=0.18, 0.27, and 0.28 for the composite outcome, CHD, and stroke, respectively). For comparison, we stratified analyses for both HOMA‐IR and the McAuley index by sex, except for stroke where we had very few events (Table [3](#jah32034-tbl-0003){ref-type="table-wrap"}).

###### 

Hazard Ratios (95% CI) Per Unit SD Increase in HOMA‐IR and McAuley Index for the Composite Outcome (CHD+Stroke), and Individual Outcomes (CHD and Stroke)

  Models       McAuley Index                                                HOMA‐IR Index                                                                                                                                                                                                                                       
  ------------ ------------------------------------------------------------ ------------------------------------------------------------ ------------------------------------------------------------ ------------------------------------------------------------ ------------------------------------------------------------ ------------------------------------------------------------
  CHD+stroke                                                                                                                                                                                                                                                                                                                    
               (n~events~=158)                                              (n~events~=62)                                               (n~events~=96)                                               (n~events~=158)                                              (n~events~=62)                                               (n~events~=96)
  Model 1      0.80 (0.67--0.96)[\*](#jah32034-note-0008){ref-type="fn"}    0.70 (0.52--0.94)[\*](#jah32034-note-0008){ref-type="fn"}    0.89 (0.71--1.12)[^†^](#jah32034-note-0009){ref-type="fn"}   1.16 (0.97--1.39)[^†^](#jah32034-note-0009){ref-type="fn"}   1.56 (1.15--2.11)[^‡^](#jah32034-note-0010){ref-type="fn"}   0.96 (0.76--1.21)[^†^](#jah32034-note-0009){ref-type="fn"}
  Model 2      0.76 (0.63--0.92)[^‡^](#jah32034-note-0010){ref-type="fn"}   0.70 (0.52--0.96)[\*](#jah32034-note-0008){ref-type="fn"}    0.82 (0.64--1.05)[^†^](#jah32034-note-0009){ref-type="fn"}   1.24 (1.02--1.59)[\*](#jah32034-note-0008){ref-type="fn"}    1.61 (1.15--2.24)[^‡^](#jah32034-note-0010){ref-type="fn"}   1.05 (0.82--1.35)[^†^](#jah32034-note-0009){ref-type="fn"}
  Model 3      0.80 (0.65--0.98)[\*](#jah32034-note-0008){ref-type="fn"}    0.72 (0.51--1.00)[^§^](#jah32034-note-0011){ref-type="fn"}   0.88 (0.67--1.15)[^†^](#jah32034-note-0009){ref-type="fn"}   1.20 (0.98--1.47)[^†^](#jah32034-note-0009){ref-type="fn"}   1.58 (1.13--2.20)[^‡^](#jah32034-note-0010){ref-type="fn"}   1.02 (0.78--1.32)[^†^](#jah32034-note-0009){ref-type="fn"}
  CHD                                                                                                                                                                                                                                                                                                                           
               (n~events~=100)                                              (n~events~=41)                                               (n~events~=59)                                               (n~events~=100)                                              (n~events~=41)                                               (n~events~=59)
  Model 1      0.73 (0.58--0.92)[^‡^](#jah32034-note-0010){ref-type="fn"}   0.63 (0.43--0.92)[\*](#jah32034-note-0008){ref-type="fn"}    0.81 (0.60--1.10)[^†^](#jah32034-note-0009){ref-type="fn"}   1.24 (0.99--1.56)[^†^](#jah32034-note-0009){ref-type="fn"}   1.72 (1.20--2.47)[^‡^](#jah32034-note-0010){ref-type="fn"}   1.03 (0.77--1.37)[^†^](#jah32034-note-0009){ref-type="fn"}
  Model 2      0.67 (0.53--0.86)[^‡^](#jah32034-note-0010){ref-type="fn"}   0.62 (0.42--0.92)[\*](#jah32034-note-0008){ref-type="fn"}    0.72 (0.52--0.99)[\*](#jah32034-note-0008){ref-type="fn"}    1.39 (1.09--1.79)[^‡^](#jah32034-note-0010){ref-type="fn"}   1.83 (1.25--2.70)[^‡^](#jah32034-note-0010){ref-type="fn"}   1.18 (0.86--1.62)[^†^](#jah32034-note-0009){ref-type="fn"}
  Model 3      0.71 (0.55--0.92)[^‡^](#jah32034-note-0010){ref-type="fn"}   0.65 (0.42--1.01)[^§^](#jah32034-note-0011){ref-type="fn"}   0.75 (0.53--1.06)[^†^](#jah32034-note-0009){ref-type="fn"}   1.33 (1.03--1.72)[\*](#jah32034-note-0008){ref-type="fn"}    1.75 (1.18--2.61)[^‡^](#jah32034-note-0010){ref-type="fn"}   1.14 (0.82--1.59)[^†^](#jah32034-note-0009){ref-type="fn"}
  Stroke                                                                                                                                                                                                                                                                                                                        
               (n~events~=69)                                               (n~events~=69)                                                                                                                                                                                                                                      
  Model 1      0.96 (0.74--1.23)[^†^](#jah32034-note-0009){ref-type="fn"}   1.09 (0.83--1.42)[^†^](#jah32034-note-0009){ref-type="fn"}                                                                                                                                                                                          
  Model 2      0.95 (0.73--1.23)[^†^](#jah32034-note-0009){ref-type="fn"}   1.12 (0.83--1.50)[^†^](#jah32034-note-0009){ref-type="fn"}                                                                                                                                                                                          
  Model 3      0.96 (0.74--1.25)[^†^](#jah32034-note-0009){ref-type="fn"}   1.12 (0.84--1.50)[^†^](#jah32034-note-0009){ref-type="fn"}                                                                                                                                                                                          

For HOMA‐IR, *P* ~interaction~ by sex=0.01 (composite outcome) and 0.02 (CHD); for McAuley index, *P* ~interaction~ by sex=0.18 (composite outcome), 0.27 (CHD) and 0.28 (stroke). For the composite outcome and CHD: Model 1: adjusted for age, sex, education, physical activity, and smoking. Model 2: model 1 plus BMI. Model 3: model 2 plus HDL, systolic BP, and hypertension status. Stratified analyses are not adjusted for sex in model 1. For stroke analysis, Model 1 was adjusted for age, sex, and smoking. Model 2: model 1 plus BMI. Model 3: model 2 plus systolic BP. BMI indicates body mass index; BP, blood pressure; CHD, coronary heart disease; HOMA‐IR, homeostasis model assessment for insulin resistance.

\**P*\<0.05.

^†^Not significant.

^‡^ *P*\<0.01.

^§^ *P*=0.05.

For HOMA‐IR, after accounting for demographic factors (age, education, and smoking) and physical activity, each unit SD increase in the index was associated with an increased risk of the composite outcome (CHD+stroke) in men (HR 1.56, 95% CI: 1.15--2.11). Further accounting for BMI, HDL, systolic blood pressure, and hypertension status did not attenuate the risk (HR 1.58, 95% CI: 1.13--2.20). This association was nonsignificant in women (HR 1.02, 95% CI: 0.78--1.32) (Table [3](#jah32034-tbl-0003){ref-type="table-wrap"}). The association between HOMA‐IR and the composite outcome in men was primarily driven by CHD. After complete adjustment, HOMA‐IR was associated with an increased risk of CHD in men (HR 1.75, 95% CI: 1.18--2.61), but not in women (HR 1.14, 95% CI: 0.82--1.59). The association between HOMA‐IR and stroke was not significant, even in the model minimally adjusted for demographic factors only (HR 1.09, 95% CI: 0.83--1.42).

In the overall sample, in the model adjusted for demographic factors and physical activity, each unit SD increase in the McAuley index was associated with a reduction in the risk of the composite outcome (HR 0.80, 95% CI: 0.67--0.96) (Table [3](#jah32034-tbl-0003){ref-type="table-wrap"}). Further adjustments for BMI, HDL, systolic blood pressure, and hypertension status did not attenuate the association (HR 0.80, 95% CI: 0.65--0.98). When the individual outcomes were considered, there was a significant association for CHD but not for stroke. For the CHD analysis including the overall sample, each unit SD increase in the McAuley index was associated with a risk reduction after adjusting for demographic factors (HR 0.73, 95% CI: 0.58--0.92). This association persisted and remained significant after complete adjustment (HR 0.71, 95% CI: 0.55--0.92). The association between the McAuley index and stroke was not significant even in the model minimally adjusted for demographic factors only (HR 0.96, 95% CI: 0.74--1.23).

When modeled in tertiles, there was an apparent association between HOMA‐IR and incident CHD in the second and third tertiles for men, and in the second tertile for women (data not shown). No associations between HOMA‐IR and incident stroke, as well as between the McAuley index and incident CHD or stroke, were observed. However, because there were very few events in each tertile (\<38), the results are nonconclusive and should be interpreted with caution.

Over 85.5% of the sample had incident ischemic stroke (59/69) events. In sensitivity analysis including only participants with ischemic stroke, though the strengths of the associations between HOMA‐IR, McAuley index, and incident stroke increased, these associations, however, remained nonsignificant (Table [S1](#jah32034-sup-0001){ref-type="supplementary-material"}).

When 10‐year risk prediction was assessed for the composite outcome and CHD, the McAuley performed comparably to HOMA‐IR: for the CHD outcome (c‐statistic for HOMA‐IR: 0.748, McAuley: 0.759), and for the composite outcome (c‐statistic for HOMA‐IR: 0.755, McAuley: 0.756).

Discussion {#jah32034-sec-0016}
==========

To our knowledge, this study is the first to prospectively assess the effect of IR on the occurrence of CHD in an entirely black cohort. In this large community‐based cohort, we found that IR (measured by the McAuley Index and HOMA‐IR) was more strongly associated with CHD, but not with stroke. The relation between IR (as measured by HOMA‐IR) and CHD was present among men, but absent in women. Our findings also suggest that the association between the McAuley index and incident CHD may be more linear than that between HOMA‐IR and CHD, with the association between HOMA‐IR and CHD assuming an inverse U‐shape. However, despite these differences, the McAuley index performed comparably to HOMA‐IR.

Our findings of a positive association between IR (as measured by HOMA‐IR) and CHD or an inverse association between insulin sensitivity (as measured by the McAuley index) and CHD are consistent with previous studies in predominantly white populations.[6](#jah32034-bib-0006){ref-type="ref"}, [7](#jah32034-bib-0007){ref-type="ref"}, [8](#jah32034-bib-0008){ref-type="ref"}, [9](#jah32034-bib-0009){ref-type="ref"} Prior studies that investigated sex differences in the association between IR and CVD found varying effects depending on which measure was used; the association was stronger in men than in women using HOMA‐IR, but the opposite was found using fasting insulin and fasting glucose.[6](#jah32034-bib-0006){ref-type="ref"}

A number of studies have reported no association between IR and stroke in blacks, primarily using HOMA‐IR and fasting insulin.[7](#jah32034-bib-0007){ref-type="ref"}, [8](#jah32034-bib-0008){ref-type="ref"} Howard et al, using data from the REGARDS study, reported a significant association between HOMA‐IR and ischemic stroke risk in whites, but not in blacks, though no significant race interaction was found.[8](#jah32034-bib-0008){ref-type="ref"} However, the relationship between HOMA‐IR and intracerebral hemorrhage was different; there was a trend towards a decrease in risk of intracerebral hemorrhage in whites (HR 0.61, 95% CI: 0.35--1.04) and an increase in risk in blacks (HR 1.20, 95% CI: 0.60--2.39). In the ARIC study, an association was reported between fasting insulin and stroke in whites, but not blacks.[7](#jah32034-bib-0007){ref-type="ref"} Although the direction of the association between HOMA‐IR and stroke in our study was similar to previous studies,[7](#jah32034-bib-0007){ref-type="ref"}, [8](#jah32034-bib-0008){ref-type="ref"}, [9](#jah32034-bib-0009){ref-type="ref"} we may have had limited power to explore these relationships by stroke subtypes. It is possible that because of the association between IR and pro‐atherogenic factors, it may therefore be more likely linked to ischemic stroke attributable to small or large vessel atherosclerosis than to intracerebral hemorrhage.

Another important finding in our study was the lack of association between IR (as measured by HOMA‐IR) and CHD among black women. Results from prior studies have been conflicting. While some studies have reported no association between IR and CHD,[23](#jah32034-bib-0023){ref-type="ref"}, [24](#jah32034-bib-0024){ref-type="ref"} as well as IR and stroke[9](#jah32034-bib-0009){ref-type="ref"} in women, other studies have reported a positive and significantly higher risk of CVD among women than among men, independent of differences in major CVD risk factors between both sexes.[25](#jah32034-bib-0025){ref-type="ref"}, [26](#jah32034-bib-0026){ref-type="ref"}, [27](#jah32034-bib-0027){ref-type="ref"}, [28](#jah32034-bib-0028){ref-type="ref"}, [29](#jah32034-bib-0029){ref-type="ref"} The latter studies, however, were carried out in people with diabetes mellitus. The association between IR and incident CVD events may therefore differ among people with and without diabetes mellitus. Reasons for the sex‐specific effect modification observed for HOMA‐IR, but not for the McAuley index, in our study remain unclear. It could be explained by sex differences in body fat distribution and insulin action,[30](#jah32034-bib-0030){ref-type="ref"} or by a lower incidence of myocardial infarction in black women compared to black men.[31](#jah32034-bib-0031){ref-type="ref"} In the Rotterdam community in the Netherlands, it was shown that middle‐aged men were more likely to develop CHD as a first CVD event compared to middle‐aged women.[32](#jah32034-bib-0032){ref-type="ref"} This could be the case among blacks as well. Alternatively, residual confounding may mask a potential relationship in women. The observed sex difference warrants further investigation.

The McAuley index seems appealing as a measure of insulin sensitivity/resistance in blacks because it includes triglyceride levels, which have been shown to significantly correlate (stronger among men than women) with the hyperinsulinemic euglycemic clamp‐derived M‐value in middle‐aged nondiabetic black adults, even at levels below the current metabolic syndrome threshold (110--149 mg/dL).[11](#jah32034-bib-0011){ref-type="ref"} This index performed better than other surrogates (including fasting insulin, HOMA‐IR, insulin‐to‐glucose ratio, and the Bennett index) in predicting IR in normoglycemic individuals in New Zealand, with a specificity of 0.91 and a sensitivity of 0.75.[10](#jah32034-bib-0010){ref-type="ref"} In addition, there is evidence from a number of studies that increased triglyceride levels are an additional causal risk factor for CVD.[33](#jah32034-bib-0033){ref-type="ref"}, [34](#jah32034-bib-0034){ref-type="ref"}, [35](#jah32034-bib-0035){ref-type="ref"} Taken together, these findings suggest that the McAuley index may be superior to other steady‐state measures such as HOMA‐IR in predicting CHD, and also in assessing IR among blacks, but this index has not been validated in this population.

Insulin resistance can promote the development of atherosclerosis, and thus CHD through a number of mechanisms. First, IR leads to increased levels of glucose and insulin, which have been shown to be pro‐atherogenic.[36](#jah32034-bib-0036){ref-type="ref"}, [37](#jah32034-bib-0037){ref-type="ref"} Second, IR can promote atherosclerosis through mechanisms involving dyslipidemia, hypertension, endothelial dysfunction, and systemic inflammation.[37](#jah32034-bib-0037){ref-type="ref"}, [38](#jah32034-bib-0038){ref-type="ref"}

Our study has a number of strengths. We used different IR indices in an entirely black cohort to assess the relationship between IR and CVD. These indices were derived from fasting measures of glucose, insulin, and triglycerides among participants free of CVD or diabetes mellitus at baseline. The JHS is a large cohort of blacks with a well‐characterized sample, and presented a unique opportunity to address our main objectives. Also, all CHD and stroke events were robustly ascertained through adjudication by a committee. There are, however, some limitations. First, we used fasting surrogate measures of IR that have not been extensively validated in the black population. In 1 study, the correlation between HOMA‐IR and the hyperinsulinemic euglycemic clamp (the "gold standard" measure of IR) in blacks was modest (*r*=−0.42 overall; *r*=−0.54 in women and *r*=−0.34 in men). Also, these fasting indices measure primarily hepatic IR and not peripheral IR. It is possible that part of the inconsistent findings between IR and CVD reported in many studies is attributable to the limitations of fasting measures in identifying individuals with peripheral IR. Second, we had limited power to more extensively explore the subtypes of stroke. Third, although our data suggest that the McAuley index may better capture the influence of IR in the occurrence of CHD among blacks than HOMA‐IR, these results require confirmation in additional cohorts, especially as this index has not been widely validated against the hyperinsulinemic euglycemic clamp in blacks. Finally, family relatives made up about 26% of our final sample. However, family connection data are currently unavailable. As such we were unable to account for familial correlations in our analysis, which could potentially inflate our Type I error.

Conclusion {#jah32034-sec-0017}
==========

Our study highlights the important role played by IR, measured using HOMA‐IR and the McAuley index, in the development of CVD, particularly CHD among blacks, independent of traditional CVD risk factors. Our findings also suggest that the association between IR (as measured by HOMA‐IR) and CHD may be more important in black men than in women. We provide a first assessment of the effect of the McAuley index in CHD risk in blacks, and suggest that this index may be used interchangeably with HOMA‐IR to assess the influence of IR in the occurrence of CHD in this population. Our findings certainly require replication in other black cohorts.

Implications {#jah32034-sec-0018}
============

Given the disproportionately high burden of cardiometabolic risk factors in blacks, identifying individuals at a high risk of CVD in this population is of utmost importance. Our findings confirm reports in prior studies, which have shown that IR may not be an important factor in the occurrence of stroke in this population. On the other hand, the fact that IR was strongly associated with the occurrence of CHD, independent of traditional CVD risk factors, suggests that this factor should be taken into account when evaluating an individual\'s risk of CHD. Further studies are needed in this population to replicate our findings of an association between IR and CHD, and to ultimately inform clinical care.
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